reverse transcription polymerase chain reaction. The expression of HSP70, programmed cell death protein 4 (PDCD4), B-cell lymphoma/leukemia-2 (Bcl-2) and Bcl-2-associated X protein (Bax) was detected by Western blot. Cardiac infarct size and myocardial apoptosis were determined using the 2,3,5-triphenyltetrazolium chloride assay and terminal deoxynucleotidyl transferase dUTP nick end labeling assay, respectively. Results: The results revealed that miRNA-1 (233 8 45%) and miRNA-21 (356 8 33%) expression was up-regulated in the IPC group, but the expression of miRNA-1 was down-regulated in the RIPC (61 8 16%) group and IPO group (61 8 13%). 
Introduction
'Conditioning' the heart to render it more resistant to an episode of acute myocardial ischemia/reperfusion (I/R) injury is an endogenous cardioprotective strategy which can be readily applied to the clinical setting of cardiac surgery to reduce myocardial injury and preserve left ventricular function [1] . There are three protocols: ischemic preconditioning (IPC), ischemic postconditioning and remote ischemic preconditioning, respectively. IPC, described as brief and repeated episodes of I/R immediately before a period of sustained ischemia, was first discovered by Murry et al. [2] in 1986. Vinten-Johansen's laboratory [3] first noted a phenomenon named ischemic postconditioning (IPO) that was described as brief and repeated episodes of ischemic reperfusion immediately after a period of sustained ischemia, producing less myocardial injury. In 1993, Przyklenk et al. [4] found the intriguing phenomenon that short episodes of myocardial ischemia and reperfusion applied to the left anterior descending coronary territory were able to reduce the size of a myocardial infarct generated in the circumflex coronary artery territory -a phenomenon which they termed 'regional ischemic preconditioning'. This concept of intramyocardial preconditioning was later extended to 'remote ischemic preconditioning' (RIPC), with the exciting finding that the preconditioning protocol could be applied to organs and tissue distant or remote from the heart, such as the kidney or limbs [5] [6] [7] .
MicroRNAs (miRNAs) are endogenous 20-23-nucleotide (nt) small noncoding RNAs that negatively regulate gene expression in various eukaryotic organisms. The miRNA activity is involved in the control of a wide range of biological functions and processes, such as development, differentiation, metabolism, growth, proliferation and apoptosis [8, 9] . In a study by Yin et al. [10] , cardiac miRNA-1, miRNA-21 and miRNA-24 were significantly increased by late IPC. In their recent study, the IPCmiRNA treatment caused an increase in endothelial nitric oxide synthase (eNOS) and heat shock protein 70 (HSP70) versus control. They also demonstrated that miRNAs played an important role in the protection against myocardial I/R injury. Cheng et al. [11] demonstrated that IPC-regulated miRNA-21 protected the heart against I/R injury via anti-apoptosis through its target programmed cell death 4 (PDCD4).
In the present study, the expression of miRNA-1 and miRNA-21 and their target proteins HSP70 and PDCD4 were studied after three conditioning protocols in an isolated rat heart I/R model, and the proteins of B-cell lymphoma/leukemia-2 (Bcl-2) and Bcl-2-associated X (Bax), infarct size and myocardial apoptosis were assessed.
Methods

Surgical Procedure
Male Sprague-Dawley rats (weighing 300-350 g, n = 40) were used and anesthetized with pentobarbital (50 mg/kg i.p.). Heparin (1,000 IU/kg) was injected into the femoral vein. Hearts were rapidly removed and placed in ice-cold buffer, the aorta was cannulated and hearts were perfused in Langendorff perfusion apparatus mode using Krebs-Henseleit bicarbonate buffer (in mmol/l: glucose 11.0, NaCl 118. 
Experimental Protocol
The hearts were randomly assigned to one of the four groups. Control hearts (CON, n = 12) were perfused for 20 min for stabilization followed by 30 min of global ischemia at 37 ° C and 60 min of reperfusion. The IPC hearts (n = 12) were achieved via two cycles of 2-min occlusion/2-min reperfusion of the aortic root during stabilization. RIPC hearts (RIPC, n = 12) were subjected to three cycles of 5-min occlusion and 5-min reperfusion of the bilateral femoral artery during induction of anesthesia. The lower-limb ischemia has been verified by means of pulse oxymetry modified for application in the rats. IPO hearts (IPO, n = 12) were treated with 12 cycles of 5-second occlusion and 5-second reperfusion of the aortic root at the beginning of reperfusion ( fig. 1 ).
Cardiac Functional Measurements
Isovolumetric measurement of left ventricular performance was made with a water-filled balloon connected to a pressure transducer (AD Instruments, Colorado Springs, Colo., USA) and inserted into the left ventricle across the mitral valve. The volume of the water-filled balloon was adjusted to an end-diastolic pressure ! 10 mm Hg and kept constant throughout the entire experiment. Left ventricular performance was assessed with heart rate, left ventricular developed pressure (LVDP) and maximum positive (+dP/dt max ) and negative derivative of left ventricular pressure (-dP/dt max ). Analog data (heart rate, LVDP and 8 dP/dt max ) were digitalized and analyzed (Chart IV; AD Instruments). Hemodynamic data were compared at 10-, 20-, 30-and 60-min time points during reperfusion in all four groups.
Detection of miRNA-1 and miRNA-21 by Real-Time RT-PCR Assay
The total miRNAs were extracted from the hearts of different groups after 60 min of reperfusion, using an mirVana TM miRNA isolation kit (Ambion, Austin, Tex., USA). The protocol was carried out according to the manufacturer's instructions. The total RNA was used to detect mature miRNA-1 and miRNA-21 expression with TaqMan miRNA assays (Ambion). In brief, the realtime miRNA assay has two steps: stem-loop RT reaction and realtime PCR detection. Stem-loop RT primers bind to the 3 -end of miRNA molecules and are transcribed with reverse transcriptase. RT product is quantified using real-time PCR that includes miRNA-specific forward primer, reverse primer and carboxyfluorescein (FAM) dye-labeled reporter probes. To normalized RNA content, the U6 snRNA was the internal control. The relative miRNA-1 and miRNA-21 expression values in each group were calculated by the mathematical delta-delta method. For each group, reactions were run four times, respectively.
Western Blot Analysis
Total proteins were extracted from the left ventricle. The samples were placed in RIPA buffer (Beyotime Inst. Biotech, Peking, China), homogenized, incubated on ice for 20 min and then centrifuged at 12,000 g for 20 min. Equal amounts of protein were subjected to SDS-PAGE. A standard Western blot analysis was conducted using PDCD4 antibody (Cell Signaling, Danvers, Mass., USA), HSP70, Bcl-2 and Bax antibody (Santa Cruz Biotechnology, Santa Cruz, Calif., USA). GAPDH antibody (Santa Cruz Biotechnology) was used as the loading control.
Measurement of Myocardial Infarct Size
Infarct size was verified using 1% 2,3,5-triphenyltetrazolium chloride (TTC) staining after 60 min of reperfusion (n = 5 for each experimental group). The hearts were frozen at -20 ° C for 20 min and cut into 2-mm-thick slices from apex to base. The slices were incubated in 1% TTC at 37 ° C for 30 min to identify the non-infarcted and infarcted areas. Normal myocardium was then recognized as red staining by TTC, while necrotic tissue presented pale gray. Infarct size was identified by dividing the total necrotic area of the left ventricle by the total left ventricular slice area [11] .
Detection of Apoptosis
After 60 min of reperfusion, left ventricular tissues were fixed in formalin for 24 h, embedded in paraffin and sectioned. Apoptotic cells were identified by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) using an apoptosis detection kit according to the manufacturer's protocol (Roche Diagnostics, Mannheim, Germany). TUNEL-positive myocytes and the number of total myocytes were counted with Leica Qwin plus V3 software and expressed as the number of TUNEL-positive cells per total nuclei, respectively.
Statistics Analysis
All data were expressed as means 8 SEM except for hemodynamic parameters (means 8 SD). Hemodynamic data were analyzed with two-way ANOVA followed by Tukey post hoc tests. For the other data, the Tukey test was used for multiple post hoc comparisons. p ! 0.05 (two-tailed) was considered statistically significant. All statistical analysis was performed with SPSS 13.0 software (SPSS, Chicago, Ill., USA).
Results
Hemodynamic Analysis LVDP, 8 dP/dt max , heart rate and coronary artery flow were recorded. At baseline, there were no differences among groups. During reperfusion, LVDP and 8 dp/ dt max were significantly better preserved in the IPO group than the CON group at 10 min of reperfusion. +dp/dt max in the RIPC group was significantly better preserved compared with the CON group at 10 min of reperfusion. In the IPC group, -dp/dt max was significantly better than in the CON group at 30 min of reperfusion. Heart rate in the IPC group was better preserved than in the CON group at 10 min of reperfusion. Coronary artery flow was decreased at reperfusion in all groups compared with baseline, but there were no significant differences in the IPC, RIPC and IPO groups compared with the CON group. All data are summarized in table 1 .
Changes in miRNA-1 and miRNA-21 Expression
The IPC protocol caused a significant increase in miRNA-1 (233 8 45%) and miRNA-21 (356 8 33%) compared with the CON group, but the expression of miRNA-1 was significantly decreased in the RIPC (61 8 16%) and IPO (61 8 13%) groups compared with the CON group. There was no statistical significance in the expression of miRNA-21 in the RIPC (68 8 23%) and IPO (68 8 11%) groups compared with the CON group ( fig. 2 ) . 12%; fig. 3 ).
Infarct Size Assessment
Myocardial infarct size was determined by TTC assay . The results showed that myocardial infarct size was significantly decreased in the IPC (31.7 8 4.1%), RIPC (29.6 8 6.19%) and IPO (32.8 8 4.71%) groups compared with CON (51.77 8 4.3%). Representative TTC-stained heart slices from these four groups are shown in figure 4 .
Effect of the 'Conditioning' Protocol on Myocardial Apoptosis
With in situ end-labeling of tissue sections, myocardial specimens were examined for final stages of apoptosis. Positive staining was observed in the CON, IPC, RIPC and IPO groups (32. 8 
Discussion
In the current study, we evaluated changes in miRNA-1 and miRNA-21 expression under different 'conditioning' protocols of the Langendorff model. The results revealed that miRNA-1 and miRNA-21 expression was up-regulated in the IPC group but down-regulated in the RIPC and IPO groups. PDCD4, Bax and HSP70 expression was down-regulated, but Bcl-2 expression was up-regulated in 'conditioning' hearts. The results also demonstrated that infarct size and myocardial apoptosis were decreased in the 'conditioning' groups. The hearts exposed to RIPC were conditioned in vivo, while the other 'conditioning' groups were conditioned in vitro. Lim et al. [12] had demonstrated that the mechanism of cardioprotection was attributable to both a neural and humoral pathway in RIPC.
Kristiansen et al. [13] demonstrated that RIPC applied in vivo could exert cardioprotection upon the heart after explantation from the body. Some studies had demonstrated the IPC and IPO protocols could exert cardioprotection in vitro [14, 15] . Therefore, we designed the protocols using the Langendorff model.
'Conditioning' the heart to tolerate the effects of acute I/R injury can be initiated through the application of several different endogenous cardioprotective strategies. Mechanisms proposed for 'conditioning', which either individually or collaboratively protect the heart against I/R injury, are the reperfusion injury salvage kinase pathway, including G-coupled receptors and protein kinase C, and synthesis of cytoprotective proteins, including eNOS, inducible nitric oxide synthase and HSP70 [16] [17] [18] .
Recent studies revealed an important role for miRNAs and their target genes in regulating cardiac I/R injury [10, 11, 19] . miRNA-1 is specifically expressed in cardiac and skeletal muscles [20, 21] . Xu et al. [19] found that increased miRNA-1 reduced the levels of its target HSP70 proteins without changing its transcription levels, which induced myocardial apoptosis. In the current study, the results revealed the level of miRNA-1 was inversely correlated with HSP70 expression in the IPC but not in the RIPC and IPO groups.
HSP70s have been demonstrated to be involved in the protection against I/R injury. They have been shown to inhibit the mitochondrial death pathway by preventing oligomerized Apaf-1 from recruiting pro-Casp9 [22, 23] . However, Hampton et al. [24] found HSP70 proteins did not play an important role in cardioprotection in the early IPC phase. The current study showed repression of HSP70 in the 'conditioning' groups at 60 min of reperfusion, which may be the reason for the inconsistency with the results of Yin et al. [10] . In a study by Yu et al. [25] , the transcription and expression of HSP70 were also influenced by heat shock transcription factor and heat shock element, which may explain the relationship of miRNA-1 and HSP70 in the current study.
It has been shown that miRNA-21 and its target gene PDCD4 could significantly reduce infarct size and apoptosis after I/R injury [11] . In the current study, the level of miRNA-21 was significantly increased and the expression of PDCD4 was decreased in the IPC group, which was consistent with the study by Cheng et al. [11] . However, both the level of miRNA-21 and PDCD4 expression were decreased in the RIPC and IPO groups, which did not show an inverse correlation. In previous studies, expression and transcription of PDCD4 was influenced by other transcription factors [26] . Bcl-2 is a central player in the genetic program of cardiomyocytes favoring survival by inhibiting cell death [27] . Many apoptosis-regulating mechanisms have an association with Bcl-2 in cardiomyocytes. Bax was one of the pro-apoptotic proteins in the mitochondrial death pathway. In the current study, the level of Bax was significantly decreased in the 'conditioning' groups compared with the control group, but the level of Bcl-2 was not significantly altered, which was correlated with the results of myocardial apoptosis in the current study.
Infarct size and apoptotic myocardium were all decreased in the 'conditioning' groups, which effectively confirmed the 'conditioning' protocols for cardioprotection. Schmitt et al. [28] demonstrated that myocardial apoptosis was evident early after I/R and correlated with declining cardiac contractility. Penna et al. [29] demonstrated that there was a high level of linear correlation between infarct size and end-diastolic left ventricular pressure. In the current study, the parameters of cardiac function revealed that cardiac systolic and diastolic function was better preserved in the IPO group, and that diastolic function in the IPC group and systolic function in the RIPC group were better preserved after reperfusion, which may be explained by inhibiting cell necrosis and apoptosis in the 'conditioning' group.
In the current study, miRNA-1 and miRNA-21 were differently expressed in the IPC, RIPC and IPO groups, which may indicate that the different miRNAs are re gulated by different 'conditioning' protocols, and the cardioprotective proteins may be regulated by multiple miRNAs. In future studies, we aim to identify further miRNAs that possess cardioprotective properties using RIPC and IPO protocols and elucidate the mechanisms of 'conditioning' protocols. We hope to find a new cardioprotective way using miRNA intervention.
Limitations
We studied the expression of miRNA-1 and miRNA-21 and their target proteins using different 'conditioning' protocols in an in vitro model. According to our results, other factors than miRNA-1 and miRNA-21 are responsible for the control of HSP70 and PDCD4 expression.
